Sudden death is one of the most characteristic phenomena of Chagas disease, and approximately one-third of infected patients develop life-threatening heart disease, including malignant ventricular arrhythmias. Fibrotic lesions secondary to chronic cardiomyopathy produce arrhythmogenic substrates that lead to the appearance and maintenance of ventricular arrhythmias. The objective of this study is to discuss the main clinical and epidemiological aspects of ventricular arrhythmias in Chagas disease, the specifi c workups and treatments for these abnormalities, and the breakthroughs needed to determine a more effective approach to these arrhythmias. A literature review was performed via a search of the PubMed database from 1965 to May 31, 2014 for studies of patients with Chagas disease. Clinical management of patients with chronic Chagas disease begins with proper clinical stratifi cation and the identifi cation of individuals at a higher risk of sudden cardiac death. Once a patient develops malignant ventricular arrhythmia, the therapeutic approach aims to prevent the recurrence of arrhythmias and sudden cardiac death by the use of implantable cardioverter defi brillators, antiarrhythmic drugs, or both. In select cases, invasive ablation of the reentrant circuit causing tachycardia may be useful. Ventricular arrhythmias are important manifestations of Chagas cardiomyopathy. This review highlights the absence of high-quality evidence regarding the treatment of ventricular arrhythmias in Chagas disease. Recognizing high-risk patients who require specifi c therapies, especially invasive procedures such as the implantation of cardioverter defi brillators and ablative approaches, is a major challenge in clinical practice.
INTRODUCTION
Chagas disease is a major medical and social problem in Latin America and affects 8-10 million people. It has substantial impacts on the economy and on morbidity and mortality (1) , (2) . More recently, with increased migration, it has also become a problem for developed countries, which now have hundreds of thousands of patients with this disease 3 . The clinical course of the disease is extremely variable, and although many individuals remain asymptomatic for long periods, approximately one-third of infected patients develop life-threatening heart disease, including malignant ventricular arrhythmias (3) , (4) .
Ventricular arrhythmias associated with Chagas heart disease (ChD) have high rates of morbidity and mortality (3) . In this narrative literature review, we discuss the main clinical and epidemiological aspects of ventricular arrhythmias in ChD, as well as specifi c workups and treatment. Finally, we discuss the breakthroughs needed to develop a more effective approach to these arrhythmias.
METHODOLOGY
A narrative review of the literature was performed. The PubMed database was searched for articles published from 1965 to May 31, 2014 to identify studies of patients with Chagas disease.
The PubMed search included the search fi lter in humans and the following keywords: [ ] . We also used the related articles search strategy for each relevant article. An additional search was conducted of the Virtual Health Library (VHL) (http://www.bireme.br/ php/index.php) using the LILACS database with Boolean combinations of descriptors. Reference texts read in their entirety were used as further sources of articles. The results were ordered alphabetically by author to identify redundant studies that examined the same patients; institutions, dates, and study designs were also examined to identify redundancies.
PATHOGENESIS AND PATHOPHYSIOLOGY
The main arrhythmogenic substrates in ChD are necrotic and fi brotic lesions caused by infl ammation of the myocardium (5) . The lesions are also associated with blood fl ow impairment secondary to microvascular lesions or autonomic changes that regulate blood perfusion of the injured myocardium (6) . The lesions caused by infl ammatory processes damage the intercellular junctions that are associated with changes in electrical potential and compromise stimulus conduction between cells. These changes cause electrical uncoupling that results in the slow conduction of stimuli and unidirectional block. This process, coupled with the fi brotic areas, forms the reentrant circuit that causes ventricular arrhythmias (7) , (8) . It is postulated that cardiac dysautonomia, a typical fi nding in Chagas disease, may be related to the pathogenesis of and risk associated with ventricular arrhythmias in ChD (9) , (10) . In experimental models, denervation in the severe acute phase is followed by partial or total reinnervation, either through axonal sprouting from intact vagal neurons or by sympathetic terminations of axonal regrowth (11) . The coexistence of denervated and hyperinnervated areas in the diseased myocardium could result in increased electrophysiological heterogeneity during sympathetic activation and may lead to ventricular arrhythmia and sudden cardiac death (12) . Despite the well-established association between impaired autonomic cardiac modulation and sudden death in other clinical settings (13) , this association in ChD remains hypothetical. However, an association between sympathetic innervation defects (as detected by iodine-123 meta-iodobenzylguanidine scintigraphic studies) and sustained ventricular tachycardia (VT) has been demonstrated (14) , and autonomic-driven abnormal heart rate dynamics have been shown to precede ventricular tachycardia in ChD patients (14) .
DETECTING SEVERITY AND PROGNOSIS

Resting electrocardiogram and signal-averaged ECG
An electrocardiogram (ECG) is important for both the diagnosis and prognosis of ChD, although the sensitivity of ECG for detecting myocardial injury is low. The absence of changes in an ECG is not a reliable indicator of the absence of cardiac involvement (15) , despite several cohort studies showing that patients with a normal ECG have an excellent prognosis after 5-10 years of follow-up and rarely develop severe global left ventricular dysfunction (2) , (16), (17) . However, the onset of new electrocardiographic alterations can help to identify patients with substantially decreased (≥5%) left ventricular ejection fraction (LVEF) (18) .
Atrioventricular and intraventricular conduction disorders are common manifestations of ChD and are usually related to ventricular systolic dysfunction and ventricular arrhythmias (19) . Right bundle branch block (RBBB) is the most common electrocardiographic abnormality observed in ChD. It is typically associated with left anterior hemiblock and ventricular premature beats (VPBs). Left bundle branch block (LBBB) is less common and is associated with a worse prognosis (20) . RBBB is found in 13-35% of patients with heart disease. LBBB is ten times less common than RBBB (16) , (21), (22) . The QRS duration is directly related to the left ventricular size and inversely related to the LVEF (22) . The duration of the fi ltered QRS, obtained by means of a signal-averaged ECG, is an independent predictor of death in ChD (23) .
Dynamic ECG recording (Holter monitoring)
Holter monitoring is important in the diagnosis and prognosis of ChD. VPBs are common in ChD: approximately 15-55% of individuals with positive serology for Chagas present with VPBs (21) . VPBs can also be observed in approximately 10% of infected individuals with no evidence of structural heart disease (24) . The presence of numerous, polymorphic, and complex extrasystoles is associated with more severe heart disease (16) . The occurrence of VPBs with multiple morphologies is a relatively common fi nding that has been attributed to extensive myocardial damage and correlates with the presence of late potentials observed using signal-averaged ECG (25) .
When Chagas patients with abnormal ECGs at rest and during heart failure are studied by dynamic electrocardiography, virtually all of them (99%) present with VPBs, and 87% have multiform VPBs or repetitive forms, such as non-sustained ventricular tachycardia (NSVT) 26 .
Benign versus malignant arrhythmias
The presence of NSVT during electrocardiographic monitoring is a prognostic factor for overall mortality and sudden cardiac death in patients with ventricular systolic dysfunction (21) , (26) (27) (28) . Complex ventricular arrhythmias, such as frequent or polymorphic VPBs, pairs, NSVT and sustained VT, are often found in Chagas cardiomyopathy and translate into a high risk of sudden cardiac death (8) , (29), (30) . In ChD patients with depressed ventricular function on echocardiography, complex ventricular arrhythmias are independent predictors of fatal outcomes (23) , (31) .
Exercise test
Chagas cardiomyopathy patients can safely take exercise stress tests. The test can detect exercise-induced arrhythmias and determine a patient's New York Heart Association functional class and the type and amount of work the patient can perform. The presence of VT during the exercise test is a predictor of sudden death in patients with Chagas cardiomyopathy and ventricular arrhythmias detected using Holter monitoring (32) . However, the clinical usefulness of the exercise test is questionable. The feasibility of selecting patients at risk of sudden death for a more aggressive treatment based on a VTinduced exercise test has not been assessed. Chronotropic incompetence and an abnormal blood-pressure response can impair the exercise capacity of patients with ChD (3), (34) .
TREATMENT
Antiarrhythmic drugs
Amiodarone is widely used as an antiarrhythmic agent in patients with ChD. Haedo et al. (35) and Rosenbaum et al. (36) showed that amiodarone is the most effective antiarrhythmic drug in Chagas cardiomyopathy and is well tolerated. Thyroid dysfunction and dermatological abnormalities are not uncommon, but severe pulmonary toxicity is rare. Because of its toxicity, amiodarone should not be used in patients with mild disease or a good prognosis. Simple and monomorphic VPBs have no impact on the prognosis of ChD and do not require specifi c treatment. Patients with complex ventricular extrasystoles or NSVT with no symptoms or significant ventricular dysfunction also do not require antiarrhythmic therapy. There are, however, controversies surrounding the use of antiarrhythmic therapy in complex ventricular ectopy in patients with reduced LVEF. Studies of patients with dilated cardiomyopathies due to causes other than ChD found no reduction in mortality with the use of amiodarone. A metaanalysis of all of the randomized trials that have assessed the use of amiodarone versus a placebo for the prevention of sudden death has recently been published (37) . Amiodarone was shown to decrease the incidence of sudden death [7 .004], but it failed to alter mortality due to all causes and was associated with a fi vefold increase in the risk of thyroid and pulmonary toxicity. These fi ndings did not differ between patients with ischemic cardiomyopathy and those with non-ischemic cardiomyopathy.
Although this meta-analysis included only a small number of patients with ChD, amiodarone represents a viable alternative for patients with ventricular systolic dysfunction and ventricular arrhythmia who are not eligible for, or do not have access to, an implantable cardioverter defi brillator (ICD).
Frequent use of antiarrhythmic drugs is also important in the attempt to reduce the numbers of shocks triggered by implanted defi brillators. There is evidence that the use of antiarrhythmic drugs may decrease the number of shocks (30) , (38) , (39) . In other cardiomyopathies, the combined use of amiodarone and beta-blockers reduced the number of therapies that were needed (30) , (38) , (39) . Decreasing the number of shocks triggered by the defi brillator is an important treatment goal for a variety of reasons. A high burden of shocks can contribute to mortality by causing myocardial necrosis and promoting or exacerbating ventricular dysfunction (40) , (41) .
Antiarrhythmic drugs and left ventricular dysfunction
The most frequent ventricular arrhythmias in patients with Chagas disease are ventricular, isolated and repetitive ectopic beats. Antiarrhythmic treatment is not required in asymptomatic patients with preserved ventricular function. In symptomatic patients without ventricular dysfunction, antiarrhythmic treatment can be individualized. When ventricular ectopy and NSVT are present in patients with left ventricular dysfunction, amiodarone is a safe drug to use. Despite an absence of evidence that amiodarone changes the prognosis of these patients, its effects on the long-term reduction in the power density of the arrhythmias and on the control of symptoms is well known.
Electrophysiologically guided therapy
Electrophysiologically (EP) guided antiarrhythmic drug therapy has been evaluated in patients with ChD and with other cardiomyopathies, based on the hypothesis that the noninducibility of VT with antiarrhythmic drug use can predict low rates of the recurrence of arrhythmia and, in some cases, preclude ICD implantation. This strategy was evaluated in the the multicenter unsustained tachycardia trial (42) in patients with ischemic cardiomyopathy and sustained VT-inducible EP; the study found that the benefi ts of ICD implantation exceed those of EP-guided therapy and that patients with implanted ICDs fared better than control patients. According to these studies, which primarily evaluated patients with ischemic heart disease, best practices should include ICD implantation, irrespective of the therapy adopted to prevent the recurrence of VT or ventricular fi brillation (VF). Nevertheless, prevention (or reduction of VT burden) is very important in the management of patients with structural heart disease and in particular in chagasic patients, who experience a high frequency of VT/VF recurrence. Leite et al. evaluated the effi cacy of antiarrhythmic drug therapy (amiodarone or sotalol) in patients with Chagas cardiomyopathy and observed decreased survival in patients in whom unstable and inducible VT persisted after drug therapy (43) . Note that in this study, ICD implantation was not evaluated; therefore, it is not possible to draw conclusions regarding the indications for its use. Therefore, EP-guided strategies are restricted to patients unable to undergo ICD implantation or catheter ablation, which is described below.
Implantable cardioverter defi brillator
Episodes of malignant ventricular arrhythmias are more frequent in patients with ChD than in patients with other heart diseases (44) .
The mechanisms most frequently involved in sudden death in ChD are malignant ventricular arrhythmia, VT degenerating into VF and VF not preceded by VT (8) .
The ICD allows early treatment of life-threatening tachyarrhythmias, and this early treatment has become the main therapeutic strategy for preventing sudden death in patients after myocardial infarction and in patients with dilated cardiomyopathy. The effi cacy and safety of treatment with ICDs among patients with ChD has been evaluated in previous observational studies; however, no large randomized controlled trial has examined the effi cacy and safety of treatment with ICDs in ChD. Thus, the treatment of ventricular arrhythmias in chagasic patients using ICD implantation is essentially empirical, based on extrapolated recommendations for heart disease of other etiologies.
The American College of Cardiology (ACC), American Heart Association (AHA) and Heart Rhythm Society (HRS) 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm Abnormalities recommended ICD implantation in ChD patients for primary and secondary prevention of sudden cardiac death (45) . The guidelines for ICD implantation defi ned by the Brazilian Ministry of Health (46) recommend that ICDs be implanted in the following situations: I) Resuscitation from cardiac arrest due to documented sustained VT or VF due to a non-reversible cause, with LVEF less than or equal to 35% or structural heart disease; II) Spontaneous VT due to a non-reversible cause, with LVEF less than or equal to 35% or the presence of structural heart disease; III) Syncope of unknown origin, with inducible, hemodynamically unstable or clinically relevant VT or VF, with LVEF less than or equal to 35% or the presence of structural heart disease.
A few prospective, observational studies and prospective, non-randomized studies have examined a limited number of Chagas disease patients. Studies of ICD implantation in patients with ChD have aimed to evaluate its effi cacy and safety and to identify predictors of appropriate therapy (47) , (48) . In addition, several studies have compared the results of ICD implantation in ChD patients with the results of ICD implantation in the non-chagasic population to identify similarities and differences between these populations (44) , (49) (50) (51) (52) . All of these studies investigated patients for whom ICD was indicated for the prevention of arrhythmias secondary to ChD. Studies by Muratore et al. (50) , (51) and Fonseca et al. (53) found no difference between the populations with and without Chagas disease in the numbers of arrhythmia episodes, shocks, and deaths. In contrast, the studies by Martinelli-Filho et al. (44) , Rabinovich et al. (51) , Moreira (49) , Cardinalli-Neto et al. (54) , Cardinalli-Neto et al. (55) , Barbosa et al. (52) and the ICD registry for patients with Chagas disease in Latin America, published in 2009 (56) , found differences between the chagasic and non-chagasic populations. ChD groups had higher numbers of ventricular arrhythmias, a higher percentage of patients receiving appropriate therapy and increased numbers of shocks overall. The groups did not differ in the outcomes for mortality and the number of inappropriate shocks. Mortality predictors for Chagas disease patients with ICDs were the following: the number of shocks per patient (56) , age ≥ 65 years 57 and LVEF ≤ 30% (57) . Martinelli et al. (58) investigated 116 consecutive ChD patients with ICDs implanted for the secondary prevention of arrhythmias; 50% of the cohort received appropriate shock therapy. A class III New York Heart Association score and LVEF were independent predictors of worse prognosis, while low cumulative right ventricular pacing was associated with better survival. The use of ICDs appears to provide effective protection for Chagas patients and constitutes a safe procedure with low frequencies of inappropriate therapy and complications, despite having been assessed in only a few prospective and retrospective observational studies that examined limited numbers of patients. A recent study by Gali et al. (59) compared the outcomes of ChD patients with life-threatening ventricular arrhythmias who were treated either with ICD implantation plus amiodarone or with amiodarone alone. Therapy with ICD plus amiodarone resulted in a 72% reduced risk of all-cause mortality (p=0.007) and a 95% reduced risk of sudden death (p=0.006) compared with amiodarone-only therapy. The survival benefi t associated with ICD was greatest in patients with LVEF < 40% (p=0.01) and was not signifi cant in those with LVEF ≥ 40% (p=0.15). Appropriate ICD therapies occurred in 72% of patients, and the rates of interventions were similar across patients with LVEF < 40% and those with LVEF ≥ 40%. The majority of ICD-treated patients received appropriate therapies regardless of LV systolic function. Four fi ndings of the present study are of particular importance. First, ICD therapy plus amiodarone was superior in reducing all-cause mortality in ChD patients with sustained ventricular arrhythmias compared with amiodarone therapy alone. Second, the benefi ts of ICD therapy resulted from a signifi cant decrease in the risk of sudden death. Third, patients with LVEF < 40% derived the most survival benefi t from ICD.
Finally, ChD patients presenting with sustained ventricular arrhythmias are at high risk for the recurrence of arrhythmias, irrespective of the LV systolic function.
No information on the effectiveness of ICD implantation for primary prevention in Chagas patients without malignant ventricular arrhythmia is available, and no additional criteria, such as the presence of moderate or severe systolic ventricular dysfunction, have been examined.
A clinical trial addressing this issue has been designed (60) . The ACC/AHA/HRS 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm Abnormalities recommends the implantation of ICD for primary prevention based solely on the presence of ChD
.
Although benefi cial to some patients, this policy would subject all patients to the risk of inappropriate shock, pro-arrhythmia, and perioperative and postoperative complications.
ICD implantation should be indicated only when it is costeffective and should be restricted to patients who can benefi t from the treatment. Although high cost and clinical uncertainties limit the routine use of ICD in the primary prevention of sudden cardiac death in most Latin American countries, current evidence supports its use in secondary prevention in patients with Chagas disease.
Ablation therapy
In recent decades, ICD implantation has become the main therapy for sustained VT in patients with structural heart disease. ICDs treat VTs by delivering shocks or by providing antitachycardia pacing, effectively preventing arrhythmic sudden death. Nevertheless, the ICD-delivered shocks are painful and can substantially decrease the quality of life (40) , (61) , a characteristic that calls attention to the importance of therapies that prevent VT recurrence. Because of the toxicity of antiarrhythmic drugs and their failure in preventing recurrences, ablation (surgical or catheter-based) is, for many patients, the only option to treat recurrent VT. Moreover, VT recurrence prevention decreases the burden of ICD therapy delivered and can improve the quality of life. One study revealed that ablation of all morphologies of VT induced by ventricular stimulation decreased heart failureinduced mortality (62) .
The electrophysiological mechanism of VT in Chagas disease is reentry (63) , and the main goal of ablation is to identify critical isthmuses that maintain tachycardia and to destroy small portions of the myocardium, thereby preventing the electrical impulses that perpetuate arrhythmias (Figure 1) .
The most common site of origin of VT in Chagas cardiomyopathy is the left ventricle basal inferolateral wall (64) , (65) For patients with large areas of fi brosis, several morphologies of sustained VT can be induced, which require extensive mapping and ablation. In approximately 30% of sustained VT episodes, the reentrant circuits are also located on the epicardial surface. A non-surgical treatment approach became possible after the initial description by Sosa et al. of the percutaneous subxiphoid access (66) .
In patients with unstable VT, the traditional mapping system, during tachycardia, may be impossible due to severe hemodynamic compromise. Nevertheless, electroanatomical mapping (Figure 2 ) enables a detailed map of the scar in sinus rhythm, allowing substrate modifi cation, even in patients with unstable arrhythmias.
Ablation is recommended for patients with VT secondary to structural heart disease in the following situations (67) : I) For the control of symptomatic, sustained monomorphic VT, including VT terminated by ICD, which recurs despite antiarrhythmic drug therapy or when antiarrhythmic drugs are not tolerated or desirable; II) For the control of incessant, sustained monomorphic VT or a VT storm that is not due to a transient reversible cause; III) For the control of bundle branch reentrant or interfascicular VTs; IV) For the control of recurrent, sustained polymorphic VT or VF that is refractory to antiarrhythmic therapy and when there is a suspected trigger that can be targeted for ablation.
CONCLUSIONS
Ventricular arrhythmias are important manifestations of Chagas cardiomyopathy and are associated with increased disease severity and a high risk of death. Recognizing high-risk patients who require specifi c therapies and invasive procedures, such as ICD implantation and ablative approaches, is a major challenge in clinical practice.
FUTURE PROPOSITIONS
The development of a strategy to accurately predict which patients are at a high risk of presenting with malignant cardiac arrhythmia would allow effective preventive actions and a more rational use of available funds for the treatment of Chagas cardiomyopathy. Studies are also urgently needed to provide a comparison of the two treatment modalities (amiodarone versus ICD) in the primary prevention of total mortality and sudden death in ChD patients with low left ventricular ejection fraction. The authors declare that there is no confl ict of interest.
